Histone H2B ubiquitination mediated by the Rad6/Bre1 complex is crucial for regulating the stability and reassembly of the nucleosome. To understand the regulatory mechanisms of H2B ubiquitination, we explored proteins related to the Rad6/Bre1 complex. Interestingly, we observed that the stability of Lge1, reported to be a cofactor of Bre1, is greatly reduced in the absence of Bre1. The stability of Lge1 did require the middle fragment of Bre1 containing a coiled-coil structure, but not its E3 ligase activity. Additionally, we found that Lge1 is involved in the 'writing' step of H2B ubiquitination. Our data suggest that Bre1 mediates H2B ubiquitination more precisely by maintaining the stability of Lge1 as well as through its role as a known E3 ligase.
Histone H2B ubiquitination mediated by the Rad6/Bre1 complex is crucial for regulating the stability and reassembly of the nucleosome. To understand the regulatory mechanisms of H2B ubiquitination, we explored proteins related to the Rad6/Bre1 complex. Interestingly, we observed that the stability of Lge1, reported to be a cofactor of Bre1, is greatly reduced in the absence of Bre1. The stability of Lge1 did require the middle fragment of Bre1 containing a coiled-coil structure, but not its E3 ligase activity. Additionally, we found that Lge1 is involved in the 'writing' step of H2B ubiquitination. Our data suggest that Bre1 mediates H2B ubiquitination more precisely by maintaining the stability of Lge1 as well as through its role as a known E3 ligase.
Keywords: Bre1; H2B ubiquitination; Lge1 stability; Saccharomyces cerevisiae Histone modifications are very important epigenetic marks regulating various molecular functions in DNAtemplated processes [1] . Among histone modifications, histone H2B monoubiquitination (H2Bub) is involved in the stability and reassembly of nucleosomes, transcriptional elongation, and DNA replication [2] [3] [4] [5] [6] [7] [8] .
While protein ubiquitination has been demonstrated to play a role in proteasome-mediated protein degradation by poly-ubiquitination, the monoubiquitination of histone serves as a signal to regulate diverse processes as described above. The monoubiquitinated site of H2B is the lysine-120 residue in humans, and lysine-123 in the budding yeast Saccharomyces cerevisiae. In S. cerevisiae, the lysine-123 of H2B (H2BK123) is monoubiquitinated by receiving ubiquitin from Rad6, an E2-conjugating enzyme, via Bre1, an E3 ligase imparting substrate specificity to Rad6 [8] . Additionally, the ubiquitin of H2BK123ub can be removed by Ubp8 and Ubp10, which are specific deubiquitinases for H2BK123ub [9, 10] . H2Bub was demonstrated to regulate the chromatin structure by its dynamics of ubiquitination and deubiquitination [11] . H2Bub was reported to regulate nucleosome reassembly through Spt16, a component of the histone chaperone FACT complex, during RNA polymerase II (RNAPII)-mediated transcriptional elongation [12] . In addition, data acquired from a genome-wide approach elucidated that H2Bub is distributed within the gene body to mediate nucleosome reassembly in the wake of elongated RNAPII [4] .
H2Bub is required for the di-and trimethylation of the lysine-4 and lysine-79 on histone H3 (H3K4 and H3K79), and these histone cross-talks are involved in gene regulation [13] [14] [15] . For the di-and trimethylation of H3K4, H2Bub was shown to regulate the assembly of the Set1 complex, which is a methyltransferase specific for H3K4 [13, 16] . Additionally, it was reported that the ubiquitin of H2Bub could act as an allosteric activator of Dot1, which is a methyltransferase for H3K79 [17] . The regulation of gene expression by H2Bub is also important for cancer cells. It was reported that human Bre1, which can directly interact with the p53 tumor suppressor in human cells, could be recruited to the promoter of mdm2, the gene that encodes a negative regulator of p53 in a p53-dependent manner [18] . Additionally, in breast cancer cell progression, the level of H2Bub was observed to be in a reduced state, and this reduction led to transcriptional elongation defects [19] .
Although the functions of H2Bub have been elucidated by various studies, the regulation between Rad6 and Bre1 must be revealed to understand the mechanism of H2Bub. In S. cerevisiae, 11 E2 enzymes and approximately 42 E3 ligases have been identified [20] . Rad6 ubiquitinates many target proteins by binding to Bre1 and other E3 ligases such as Ubr1, Rad18, and Ubr2 [20] [21] [22] [23] [24] . Ubr1 mediates the poly-ubiquitination of proteins that are destined for the protein degradation pathway [22] , and Rad18 is known to be involved in DNA repair after DNA replication [23] . However, little is known about the regulating factors between Rad6 and Bre1 as well as the mechanisms by which Rad6, which acts with various cytosolic proteins, implements the ubiquitination of H2B by interacting with Bre1 in the nucleus.
The ubiquitination of H2B is elaborately regulated because it performs various roles in biological processes, as mentioned earlier, and is an important histone modification that must be preceded by another histone modification, which is important for transcription. Only both Rad6 and Bre1 are sufficient for H2Bub in vitro, but the ubiquitination of H2B in vivo is regulated by more complex mechanisms. Rad6 is phosphorylated by the Bur1/ Bur2 cyclin-dependent protein kinase at its serine-120 residue, and this phosphorylation of Rad6 is required for its catalytic activity [25] . Additionally, Bre1 is reported to have a residue that could be phosphorylated [26] , but a specific kinase for Bre1 has not been identified. Recently, it was reported that the PAF complex regulates the protein stability of Bre1 to finely control the H2Bub level [27] . The phosphorylation of Spt5, a transcription factor, by Bur1 kinase, can recruit the PAF complex to the chromatin and Rtf1, a PAF component, stabilizes Bre1 to subsequently ubiquitinate H2B [27] . It was reported that the histone modification domain of Rtf1 can directly interact with Rad6 [28] . Additionally, Lge1, in addition to Rad6 and Bre1, was reported to be an important molecule required for the full level of H2Bub [29, 30] .
In this study, we initially found that Lge1 is a Bre1-dependent Rad6-interacting protein. However, we determined that this finding was caused by the reduced stability of Lge1 in the absence of Bre1. By reinserting several truncated Bre1 proteins individually into the bre1-knockout mutants, we found that the protein stability of Lge1 is dependent on Bre1, especially the middle region of Bre1, which does not contain any region related to the E3 ligase activity of Bre1. These results suggest that the role of Bre1 in regulating Lge1's stability, in addition to its E3 ligase activity, is important for the ubiquitination of H2B.
Materials and methods

Strains and growth conditions
Yeast strains used in this study are listed in Table S1 . For LGE1 gene disruption, the LGE1 gene was knocked out and replaced with the URA3 gene by homologous recombination. Epitope tagging was performed using conventional method [31] . Cells were grown in YPD (1% yeast extract, 2% peptone, and 2% glucose) medium or synthetic dropout medium at 30°C. For treatment with MG132 (Enzo, BML-PL102), cells expressing 3HA-tagged Lge1 were grown in synthetic medium supplemented with 0.1% proline, appropriate amino acids, and 2% glucose [32] . For BRE1 complementation, the plasmid carrying FLAG-BRE1 under the control of the GAL1 promoter was induced in YPGal (1% yeast extract, 2% peptone, and 2% galactose) medium.
Preparation of yeast nuclear extract and western blotting
Yeast cells were lysed with nuclear isolating buffer (250 mM sucrose, 60 mM KCl, 14 mM NaCl, 50 mM MgCl 2 , 10 mM CaCl 2 , and 0.8% TritonX-100) and glass beads. After spinning down the lysate, the pellets were boiled with SDS loading buffer. Nuclear extracts were subjected to western blotting using following antibodies: anti-ubiquityl H2B (5546S; CST, Cell Signaling Technology, Danvers, MA, USA); anti-HA (sc7392; Santa Cruz, Santa Cruz Biotechnology, Santa Cruz, CA, USA); anti-Flag (F7425; Sigma, Sigma-Aldrich, St Louis, MO, USA); anti-Myc (9E10); anti-H3, anti-H3K4me2, and anti-H3K4me3 (a kind gift from A. Shilatifard, Northwestern University, Chicago, USA).
Protein co-immunoprecipitation (co-IP) and column purification
Yeast cells cultured overnight were lysed with lysis buffer (50 mM Tris/HCl (pH 7.5), 150 mM NaCl, 1 mM EDTA, and 1% TritonX-100) and glass beads. The proteins in the lysates were incubated for 1 h at 4°C with Anti-HA-Agarose (A2095; Sigma) or Anti-FLAG M2 Affinity Gel (A2220; Sigma). For HA immunoprecipitation, the resin was washed with PBS and was boiled with SDS loading buffer. For FLAG purification, the incubation was performed in the column followed by elution with 0.1 M glycine (pH 2.5).
RNA isolation and RT-PCR
Yeast cells were grown until A 600 = 1.0. Total RNA isolation was performed using the hot acid phenol method [33] . Yeast cells were treated with acidic phenol (P4682; Sigma) at 65°C, and the RNA was extracted with phenol/chloroform/isoamylalcohol followed by ethanol precipitation. cDNAs from the total RNA were obtained using the PrimeScript TM 
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ST Strand cDNA Synthesis Kit (6110A; Takara, TaKara Bio Inc., Shiga, Japan). For visualization, the synthesized cDNAs are amplified by PCR with the primers indicated in Table S2 .
Chromatin immunoprecipitation (ChIP)
The ChIP assay was performed as previously described [33] . To induce expression of GAL genes, cells were grown in YPD until an A 600 of 0.9 and induced with galactose for 30 min. Antibodies used in the ChIP assay were anti-HA and anti-Myc. A preclear step was added to the Myc-ChIP assay. Before the addition of antibodies, nonspecific binding was removed by preincubation with A/G agarose (sc-2003; Santacruz) for 1 h at 4°C. Thereafter, ChIP was performed as a general protocol. ChIP DNAs were analyzed by real-time qPCR using the SYBR-Green PCR mix (Toyobo, Osaka, Japan) and the BioRad (Hercules, CA, USA) CFX96 qPCR system. The sequences of primers used in this study are listed in Table S2 .
Results
Bre1 is required for the stability of the Lge1 protein
To understand the mechanism of H2Bub and to identify the regulating factor between Rad6 and Bre1, we performed Rad6 co-immunoprecipitation (co-IP) in the presence or absence of Bre1. Initially, Lge1 was identified as a protein that could not physically bind with Rad6 in the absence of Bre1 by analyzing mass spectrometry using Tandem Affinity Protein (TAP)-purified fractions from the wild-type or Bre1-deleted strains bearing TAP-tagged Rad6 (data not shown). It was reported that Lge1 is a protein that can interact with Bre1 and that the loss of Lge1 causes a severe reduction in H2Bub because Lge1 is required for Bre1's recruitment to chromatin [29, 30] . However, our results showed that Bre1 could also regulate the interaction between Lge1 and Rad6.
To confirm Lge1's interaction with Rad6 depending on Bre1, we constructed HA-tagged Lge1 in the wildtype and Bre1-deleted strain. Surprisingly, we found that the protein level of Lge1 was significantly reduced in the absence of Bre1 compared with that in the wildtype (Fig. 1A) . This reduced level of Lge1 protein in the Bre1-deleted strain was restored by reinserting Bre1 (Fig. 1B) . Therefore, this result showed that Bre1 could control Lge1's protein stability and not its interaction with Rad6. To determine whether Bre1 controls Lge1's stability at the RNA or protein level, we performed RT-PCR and found that the RNA level of Lge1 was not changed in the absence of Bre1 (Fig. 1C) . Therefore, we confirmed that Lge1 could lose its protein stability in the absence of Bre1.
To check whether Lge1 is degraded through the proteasome degradation pathway in the absence of Bre1, we observed the protein level of Lge1 under treatment with MG132, a proteasome inhibitor, in the wild-type and Bre1-deleted strains [32] . As shown in Fig. 1D , we found that the protein level of Lge1 does not decrease even in the Bre1-deleted strain under treatment with MG132 (Fig. 1D) . These results suggested that the degradation of Lge1 is dependent on Bre1 via the proteasome degradation pathway.
The middle part of Bre1 is required for the stability of Lge1
Bre1 consists of 700 amino acids containing six coiledcoil domains and a RING-finger domain ( Fig. 2A) . The RING-finger domain of Bre1 contains the active site for the E3 ligase activity. The N-terminal domain contains a coiled-coil structure, which consists of 210 amino acids, and it has been reported to be required for interaction with Rad6 and the ubiquitination of H2B [34, 35] .
To identify the region of Bre1 that is important for the stability of Lge1, we observed the Lge1 protein levels in strains bearing various Bre1-mutated proteins. First, to check whether Bre1's E3 ligase activity is important for the stability of Lge1, we overexpressed a truncated Bre1 that lost the RING-finger domain in Bre1 null mutant-containing HA-tagged Lge1. Although H2Bub was not observed in this strain, the Lge1 protein level did not change compared with that of the strains expressing wild-type Bre1 (Fig. 2B, lane  dRING) . We also observed the Lge1 protein level in yeast strains expressing point-mutated Bre1 in two leucine zipper domains (Fig. 2A, L1 and L2 ). These two leucine zipper domains are located in the N-terminal coiled-coil domains of Bre1. One of the two leucine zipper domains, L1, but not L2, is a part of the Bre1 N-terminal region that is known to be required for the ubiquitination of H2B. Yeast strains expressing the L1 point mutant of Bre1 do not have H2Bub, but yeast strains expressing the L2 point mutant of Bre1 had reduced but significant levels of H2Bub (Fig. 2B , Lane L1 and L2). However, the stability of Lge1 was normal in these two yeast mutants (Fig. 2B) . These data indicated that the E3 ligase activity of Bre1 is not required for Lge1 stability.
Since Lge1 stability did not require Bre1's E3 ligase activity, we observed the Lge1 level in strains expressing several truncated Bre1 mutants to identify the region for required Lge1 stability ( Fig. 2A, right  panel) . As shown in Fig. 2C , a significant level of Lge1 was observed in three yeast strains bearing truncated Bre1s (C470, M410, and M324). The yeast expressing one of the truncated Bre1s, NC, containing the N-terminal region for the interaction with Rad6 and the RING domain of the active site, showed a low level of H2Bub and significant levels of the subsequent di-and trimethylation of histone H3K4 (Fig. S1) . However, the strain bearing NC truncated Bre1 did not show a restored Lge1 level. This result suggested that the middle part of Bre1 consisting of 324 amino acids from 231 to 554 could be the region required for Lge1 stability and that this middle region of Bre1 could protect Lge1 from proteasome degradation by physically interacting with Lge1.
Lge1 does not directly affect the physical interactions of Bre1 and Rad6 on chromatin
Lge1 has been reported to regulate the ubiquitination of H2B as a noncatalytic component of the Rad6/Bre1/ Lge1 complex in S. cerevisiae [29] . Our results showed that Bre1 could regulate Lge1 in contrast to the reported function of Lge1. Therefore, to check how Lge1 regulates Rad6 or Bre1 to ubiquitinate H2B, we observed the Rad6 or Bre1 protein level in the absence of Lge1 by constructing HA-tagged Rad6 and Myc-tagged Bre1 strains in the presence or absence of Lge1. Since Bre1 contains the active site in its C-terminal region, C-terminal-tagged Bre1 does not have E3 ligase activity [36] . For our experiment, we constructed and used N-terminal-tagged Bre1, which has E3 ligase activity. We checked the protein levels of Rad6 and Bre1 both in the wild-type and Lge1-deleted mutant by western blotting using anti-HA or anti-Myc antibodies. However, the levels of these two proteins did not change in the absence of Lge1 (Fig. 3A) . Therefore, we performed the chromatin immunoprecipitation (ChIP) assay to determine whether the recruitment of Rad6 or Bre1 to The protein stability of Lge1 was significantly defective in the Dbre1 strain. The Lge1 levels were evaluated using WT, Drad6, and Dbre1 expressing 3HA-tagged Lge1 strains by SDS/PAGE and western blotting using a HA antibody. H3 was used as a loading control. (B) The Lge1 protein level was restored by complementation with FLAG-Bre1. The Dbre1 strains containing an empty vector (mock) or vector carrying FLAG-BRE1 under the GAL1 promoter were grown in YPGal medium for 8 h to express Flag-Bre1. The Lge1-3HA signal was re-established in the strain expressing FlagBre1 (shown in lanes 6 and 7). (C) The transcript levels of LGE1 are not affected in the Dbre1 mutant. Reverse transcription (RT) PCR was performed using the RNA of the indicated strains with primers directed toward LGE1 or ACT1. The PCR products were visualized in an agarose gel. (D) The proteasome inhibitor MG132 stabilizes Lge1. The WT and Dbre1 strains expressing Lge1-3HA were treated with DMSO or 60 lM MG132 for 3.5 h. Western blotting was used to detect the protein levels of Lge1 in each condition. the chromatin is affected by Lge1. Contrary to our expectation, the recruitment of both proteins to chromatin did not change in the absence of Lge1 (Fig. 3B ). This result is not consistent with the reported function of Lge1, which could regulate Bre1's recruitment [30] . For the Bre1-ChIP assay, we used yeast strains containing N-terminal Myc-tagged Bre1, which has active E3 ligase activity, but the previously reported function of Lge1 was suggested by a ChIP assay using yeast containing C-terminal TAP-tagged Bre1.
To define the regulatory effect of Lge1 on the ubiquitination of H2B, we investigated whether Lge1 affects the physical interaction between Rad6 and Bre1. We constructed yeast strains with both Myc-tagged Bre1 and HA-tagged Rad6 in wild-type and Lge1-depleted mutants. Following co-IP using anti-HA antibody, we found that the interaction between Rad6 and Bre1 was normal even in the absence of Lge1 (Fig. 3C) . Bre1 was reported to form a homo-tetrameric complex for its E3 ligase activity in yeast [34] . To check the effect of Lge1 on the Bre1 homomeric complex, we created strains containing endogenous Myc-tagged Bre1 and episomally FLAG-tagged Bre1 in the presence or absence of Lge1.
However, the physical interactions between these two differently tagged Bre1s did not change in the Lge1-depleted yeast strain (Fig. 3D) . These data indicated that Lge1 does not directly affect the activities of Rad6 and Bre1 in the ubiquitination of H2B, unlike Lge1's believed function as a Bre1 regulator.
Lge1 plays an important role in the 'writing' step of H2Bub
Although Lge1 did not affect the recruitment to chromatin or the physical interactions of the H2B ubiquitination machinery, the bulk level of H2Bub was severely reduced in the absence of Lge1 [29, 30] . To define the role of Lge1 in ubiquitinating H2B, we checked the bulk levels of H2Bub in various yeast strains bearing the loss of proteins that were initially selected as Bre1-dependent Rad6-interacting proteins. The level of H2Bub was significantly reduced (data not shown) only in the Lge1-deleted strain. Therefore, we confirmed the severely reduced levels of H2Bub and subsequent trimethylation of H3K4 (H3K4me3) in the absence of Lge1 because H2Bub is required for H3K4me3 (Fig. 4A) . According to the reported role of Lge1 in H2Bub, Lge1 maintains the level of H2Bub by blocking the recruitment of Ubp8, one specific deubiquitinase for H2Bub [27] . Therefore, we deleted the Lge1 gene in the absence of both Ubp8 and Ubp10, which are known to be specific deubiquitinases for H2Bub in S. cerevisiae. As shown in Fig. 4B , the level of H2Bub in the Dubp8/ubp10 double-mutant strain was much higher than that in the wild-type, but the H2Bub level in the Dubp8/ubp10/lge1 triple-mutant strain was significantly reduced (Fig. 4B ). This result indicated that Lge1 is involved in the 'writing' step for the ubiquitination of H2B, not in the 'regulating' step by blocking deubiquitinases.
Bre1 mediates the ubiquitination of H2B by its E3 ligase activity and its protective effect on Lge1
Given our results, we proposed a model explaining the relationship among Rad6, Bre1, and Lge1 for the ubiquitination of H2B in Fig. 4C . Under normal conditions, Rad6 transfers the ubiquitin group to the histone H2B by interacting with Bre1 and Lge1 (Fig. 4C upper) , which indicates that all three components are required for proper H2Bub. Although Lge1 does not affect the interaction between Rad6 and Bre1, as well as the chromatin recruitment of the Rad6/Bre1 complex, the level of H2Bub is substantially reduced in the absence of Lge1 regardless of deubiquitinases (Fig. 4A, B) . Therefore, this severe reduction of the H2Bub level by the deletion of Lge1 could be caused by Lge1's function to regulate the transfer of a ubiquitin group to H2B from Rad6. Under the Bre1-depleted condition, Lge1 is degraded by the proteasome-mediated degradation pathway (Fig. 1D) . Since the poly-ubiquitination of protein is a signal for the proteasome-mediated degradation of protein in general, we suggest that, in the absence of Bre1, Rad6 could poly-ubiquitinate Lge1 combined with another E3 ligase, subsequently causing Lge1's degradation (Fig. 4C lower) . In other words, Bre1 regulates the protein stability of Lge1 in a way that protects Lge1 from proteasome degradation through a direct interaction with its middle region (Fig. 2C) . Taken together, we suggest that Bre1 ubiquitinates H2B precisely by its dual roles, which are its E3 ligase activity and its role as a physical protector of Lge1 from proteasome degradation.
Discussion
Here, we identified an additional function of Bre1, in addition to its E3 ligase activity, for the ubiquitination of histone H2B, which is that it protects Lge1 from proteasome degradation. Our conclusion could provide a clue to explain why the in vitro mechanism for the monoubiquitination of H2B is different from the in vivo mechanism. Rad6 and Bre1 are sufficient for the full ubiquitination of H2B in vitro, but the loss of Lge1 caused a defect in H2Bub in vivo [30, 35] . Our data displayed that Lge1 is involved in the writing step for the ubiquitination of H2B in S. cerevisiae (Fig. 4B ) and that Bre1 regulates the stability of Lge1 by protecting it from proteasome degradation (Fig. 1) . Since Lge1 does not have a specific structure except a coiledcoil region at its C-terminal region, and the loss of this coiled-coil region did not cause any defect in the H2Bub level (data not shown), a region other than this coiled-coil region might be important for H2Bub. In this paper, we could not elucidate the exact role of Lge1 in the ubiquitination of H2B. Further structural studies of the Rad6-Lge1-Bre1 complex will be required to clarify this mechanism. Since the number of E2-conjugating enzymes is much smaller than that of the E3 ligases bearing target specificity as we mentioned previously, one E2-conjugating enzyme has several E3 ligase partners [37] . Therefore, based on the assumption that Rad6 should also select the partner E3 ligase, we suggest that Lge1 might contribute to the stabilization of the ubiquitination machinery for H2B and provide Rad6 with a direction toward H2B by helping the Rad6-Bre1 interaction. This suggestion helps explain why Lge1 is required for the ubiquitination of H2B in vivo. Since Bre1 is the only partner of Rad6 in the in vitro ubiquitination system for H2B, an additional component is not required for the full ubiquitination of H2B. However, within a cell, Rad6 can interact with other E3 ligases, not only Bre1. Therefore, we assume that Rad6 could interact with other E3 ligases more strongly in the absence of Bre1. The decrease in the Lge1 level in the absence of Bre1 might be due to Rad6 inducing the proteasomal degradation of Lge1 via the ubiquitination of Lge1 by interacting with an E3 ligase other than Bre1 (Fig. 1) . We predicted several ubiquitination sites of Lge1 using the ubiquitination site prediction tool (CKSAAP_UbSite [38], Fig. S2 ). We deleted other E3 ligases that are known partners of Rad6 and checked the level of Lge1 in the absence of Bre1. However, we could not identify which E3 ligase is the real alternative partner of Rad6 for the ubiquitination of Lge1 (data not shown). More intensive studies will be required to elucidate the ubiquitination and degradation of Lge1.
As is well known, the H2Bub positively regulates transcriptional elongation. In addition, the H2Bub is required for H3K4 di-and trimethylation, which are known to be important for transcription [14, 39] . As expected, the H3K4me2 and H3K4me3 were strongly reduced in Lge1-deleted mutant (Fig. 4A) . Thus, Bre1-mediated Lge1 protection regulates transcription more precisely by regulating H3K4me as well as H2Bub.
Taken together, our data suggest that Bre1 is required for the stability of Lge1 regardless of its E3 ligase activity, and Lge1 is critical for the ubiquitination of H2B in S. cerevisiae, although Bre1 is the sole specific E3 ligase for the ubiquitination of H2B-K123. The region within Bre1 that is important for Lge1 stability is the middle region, which does not contain any region necessary for H2B-ubiquitinating activity (Fig. 2) . These results might imply that Bre1 protects Lge1 from degradation because Lge1 plays a critical role in the transfer of ubiquitin from Rad6 to H2B by Bre1. Therefore, Bre1 plays dual roles in the ubiquitination of H2B in that Bre1's E3 ligase activity requires its N-terminal coiled-coil region containing 210 amino acids as well as its C-terminal RING domain, and Bre1's protective activity for Lge1 requires Bre1's middle part containing 324 amino acids (from 231 to 554). Additionally, our results could provide a new example of a protein feature, in that a protein's function is not simple even though it is catalytically active because it interacts with other proteins under biological conditions. 
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